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BNL Radiological Bioassay Program

(o)

Provides wh'ole body counts (WBCs) of exposed
and resettled individuals for internal intakes of
Cs-137 still in the environment

Provides urinalysis of exposed and resettled
individuals for internal intakes of Pu-239

Provides translation of results into dose for
hazard assessment

Maintains computerized database for bioassay
results from 1954 to 1985 in addition to current

Results provide assurrance that a priori
predictions made by LLNL environmental
monitoring for resettled populations are valid

Results provide assurrance to Marshallese that
doses due to residual radioactivity remain low

- Upon return of Rongelap people, results used to

determine compliance with MOU remedial action
criterion of 100 mrem/year

'._4"

HOW ARE THESE FIELD ACTIVITIES
ACCOMPLISHED?



Use of DOE/NVOO contracted vessel to bring
WBC equipment to 300-400 people once per year,
counting and analysis done simultaneously,
results given to individuals~

In conjunction with WBC, urines collected in
most sensitive subgroup of population (children)
brought on board for 24 hour collection of urine

Urine samples packaged and sent to BNL for
analysis with same regulatory clearances
necessary for environmental samples

Current analysis accomplished by Fission Track
Analysis (FTA), Pu-239 MDA = 100 attocuries/200
ml sample = 1 mreml/year

BNL processes 10 samples per week at best, at
$1200 per sample ' B
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Plutonium Dose Assessment Using Blood Samples*

_ M. Owais!, L. C. Sun?, and W, ], Klemm?
IDNA, Alexandria VA; 2BNL, Upton NY; 3SAIC, McLean VA

Urine bioassay is a standard method for assessing plutonium uptake, but is it the most
- viable method? Since the plutonium in urine has been eliminated from systemic blood, blood is
herein investigated as a suitable medium for plutonium bioassay.

The obvious issues are the amount of plutonium in a practicable blood sample, compared to
that in a 24-h urine sample, and the interpretation of body burden and organ dose from that
amount. The relative concentration of plutonium in blood and urine is dependent on the eliminadon
rate (daily fraction) from blood 1o urine. Because some of the current biokinetic modeling
incorporates intermediate compartments between the blood and the urine, translocation rate
constants (TRC) must be compared carcfully. The recent recommended TRC of the plutonium
from blood directly to urine (bladder content) is 0.0129 d-! in Publication 67 of the International
Commission on Radiological Protection (ICRP 1993). For tissues in the urinary path, the TRCs
are 0.00647 d-! from blood 1o the kidneys and 0.01386 d-! from the kidneys to the bladder content.
Further, “10 account for an apparent increase with time in fractional clearance of circulating
plutonium,” the applicable TRCs in Publication 67 are 0.0806 d-! from blood to soft tissucs and
0.000475 d-! from soft tissues directly to the urine. The net implication at several years after
plutoniumm uptake, when the level of plutonium in the blood approaches a dynamic equilibrium, is
“hat the plutonium climinated in 24-h urine is almost 6 percent as much as the total plutonium in

.0od — an cffective TRC of 0.06 d'!. This contrasts 1o the findings of (1) Hickman er al.
 =1995), who reported based on excretion data from seven exposed plutonium workers a TRC
- (effective) of 0.0078 d*! from blood to urine; (2) Thomas et al. (1984), who reported based on
animal and human dara a TRC of 0.008 d-! of plutonium from blood to urinary excretion; (3)
Ohlenschlacger er al. (1984), whose 24-h urine and autopsied blood samples from a single
exposed plutonium worker imply an effective TRC from blood to urine of 0.003 d-!; and (4) Sun
(1987). who obtained a TRC of 0.009 d-! for plutonium from blood to urinary excretion (with
modecled direct elimination only), based on a four-compartment mammalian model and together

with Leggen’s plutonium systemic whole-body retention funcron (Leggett 1984; Leggett 1985).

The above information implies that plutonium is more concentrated in blood than in urine
and, based on the non-ICRP references, much more concentrated. Since plutonium behaves in a
similar fashion as iron in blood, it bonds with transferrin and is carried by blood cells circulating in
the body (Durbin 1972; ICRP 1986) — effectively in a uniformly mixed pool. Therefore, the
accuracy and reliability of plutonium dose assessment using blood sampling are expected to be
better than with urinalysis rocthods. Analysis of blood samples is also recommended for finding
the solubility of a plutonium contaminant and the dynamic propertes from the site of entry to the
systemic organs (Clemente and Delle Site 1982). A blood bioassay program can be used either in
coordination with, or as a replacement for, using timed (non 24-h) urine samples to reduce

) t This work is prepared for the 41% Conference on Bioassay, Analytical, and Environmental Radiochemisuy,
Boston, Mass., on 12-16 November 199S. :
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uncerrainties in uptake or dose. A blood bioassay prograrh is also uscful for investigating the
 placental rransfer of plutonium berween maternal blood and the conceptus.

The necessary blood sample volume is estimated as follows. The total weight of blood is

about 7.7% of the total body weight (Langham er al. 1980; Voelz er al. 1979). The suggested

average blood weights in a male adult and a female adult are 5,900 and 4,100 g, respectively

(Williarns and Leggen 1989). The densiry, p, of blood (ranging from 1.048 10 1.066) is similar to
that of the body overall. Based on all above non-ICRP suggested TRC informaton, the urinary
climination of plutoniumn within a 24-h interval equates to the amount of plutonium contained in
between 20 and SO ml of blood for a male adult. In other words, for blood bioassay, a small
sample volume of blood is sufficient for monitoring plutonium uptake and assessing dose
whenever urine bioassay is viable. However, the blood sample volume acrually required wiil
depend on the sensitivity of the measurement method to be used, the level of plutonium
contamination in the body, and the time after exposure.

The value(s) of TRC chosen for analysis is not as significant for determining a blood sample
volume to match the plutoniurn content of a urinc sample, as it is in determining the body burden
and organ doses. It is preferable that TRCs, systemic retention functions, and dose conversion
factors be derived from the same metabolic model. However, that does not imply that a self-
consistent set (c.g., ICRP) of parameters currently provides the best representation of available

~ data for bioassay applicadons.

Let A(x) be the plutonium content (Bq] at the collection time t [days] after an acute uptake in
. volume V [mi] of blood for a2 person of weight W [g]. Then, the commined effective dose
“~ - equivalent (CEDE) can be calculated for an adult using the following equation:

~—

CEDE[mSv] = 1 mSv Bgq'(0.077*W* o1 +V-1)(A(1)B-\(1)),

where the 1 mSv Bq is a plutonium dose conversion factor derived from ICRP Publicaton 56

(1990) for adults; 0.077*W and p*V are the 1o1al blood weights [g] of the body and sample,
respectively. The B(t) is a time-dependent plutonium retention function in the total blood and can
be used to solve for the fraction of plutonium retained in the systemic blood at any time t. An
adequate B(t) is necessary to interpret blood sample results. There are several plutonium B(r)
available in the literarure (Healy 1957; Durbin 1972; Leggertt 1985: Leggen and Eckerman 1987,
and Sun 1987). For example, based on Leggeu'’s plutonium systemic retention function, the
following B(t) is a four-exponendal-term function reported by Sun (1987):

B(t) = 0.9216¢-0-693¢4 0.07275£0-03t4 0.0042750-0028¢4. (0.001385-0-0000216¢,

When 24-h urine sample collecdon protocols are used, expensive measures over a 24-h

period must be taken to ensure the integrity and quality of the sample (Sun ez al. 1993). Fora 24-

h urine equivalent sensidvity, only a small blood sample is required whereas one pint (about 500

ml) is extracted during a normal blood donation. With a qualified nurse, obtaining a small blood

- sarnple is easy, fast, simple, and safe. This method ensures no external sample contamination and
reduces the overall cost of sample collection, reladve to urine. Thus, it is expected that blood bio-
*ssay for plutonium will prove viable for many applications in licu of or along with urine bioassay.
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Pu blood retention functions and data
Datafrom Talbot et al. (HPJ 65(1):4 +46,1993)
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